Abstract. The Mariana-Volcano-Izu arc system extends 2400 km north to south and is an outstanding example of an intraoceanic magmatic arc. In spite of this, the system is poorly known because most of it is submarine. Volcanism is entirely submarine in the northernmost Mariana arc, between 20040 ' and 24øN. This is the Northern Seamount Province (NSP) and was the focus of a detailed marine geologic and geochemical study, with additional data drawn from adjacent arc segments to the north (Volcano arc) and south (Central Island Province (CIP) of the Mariana arc). Samples from 24 submarine volcanoes and three islands were analyzed for concentrations of K, Rb, Sr, Ba, and the rare earth elements (REE). These data show strong variations along the arc, being relatively depleted in the more mature, 
Introduction
In spite of a plethora of petrologic, geochemical, and isotopic data, a vigorous debate continues regarding the processes responsible for the production of melts beneath convergent margins. Part of the uncertainty stems from the fact that most studies have examined magmatic systems where melts passed through easily fusible continental crust. In these "Andean-type" arcs, contamination of primitive melts by anatectic hybridization is always a concern but cannot easily be corrected for [Leeman, 1983; James, 1982; Davidson et al., 1987] . For this reason, scientists have become increasingly interested in studying the composition and evolution of magmatic arcs built on oceanic crust (intraoceanic arcs), where the opportunity for interaction between melt and crust is greatly reduced [Stern, 1982] . Over the past decade, intraoceanic arc systems such as the western Aleutians, Kuriles, Izu-Volcano-Mariana, TongaKermadec, South Sandwich, and Lesser Antilles have thus been subjected to the full spectrum of petrologic, geochemical and isotopic scrutiny.
Nearly all studies of intraoceanic arcs have dealt with subaerially exposed volcanoes. Studies of subaerial edifices are extremely important, but these deal with only the upper portions of the largest and most evolved volcanoes. The submerged portions comprise 95% or more of the surface area of any intraoceanic magmatic arc, so it is critical that we investigate the composition of submarine arc volcanoes if we want to have a complete understanding of the composition of intraoceanic arcs. Furthermore, the relatively small volumes of submarine volcanoes indicate that they must either be younger or manifest relatively lower degrees of partial melting than the subaerial volcanoes. A better understanding of submarine arc volcanoes thus gives us a much better perspective with which to reconstruct the temporal evolution of arcs as well as the composition of their deeper sources.
The purpose of this paper is to report the results of a recent expedition to look at the petrological evolution of submarine arc volcanism. A central theme of this report is the significance of the discovery of an extensive province of shoshonitic volcanism for our understanding of arc petrogenesis. In the following sections we will present salient features of a recent expedition to the northern Mariana and Volcano arcs before we present concentration data for K, Rb, Sr, Ba, and the rare earth elements (REE). We will use these data to examine the composition of 4497 submarine arc volcanoes, to reconstruct the depth of melting, and to define the trace element characteristics of the source region.
Regional Setting and Previous Work
The active, magmatic arc system formed by the subduction of the Pacific plate beneath the Philippine Sea plate extends south 2400 km from Japan, at 35øN to Guam, near 13øN. In the north it is known as the Izu arc Mariana arc is constructed on young crust of the Mariana back arc basin, just west of the frontal arc ridge. This active arc is defined by well-defined edifices spaced 10-70 km apart . These are the volcanoes of the magmatic front, the easternmost and predominant locus of magmatic activity in this and other arcs [Sugimura, 1968] An extremely large variation is found in the data, especially for concentrations of K, Rb, Sr, Ba, and the LREE. The ranges observed are so large as to render meaningless any attempt to calculate mean concentrations of these elements in the study area as a whole. For this reason, we prefer to look at variations as a function of latitude which, since the arc trends about N-S, approximates position along the arc. Unless explicitly noted otherwise in the following discussion, active, dormant, and extinct edifices are discussed together. The geographic subdivision of the Mariana arc is followed here, with the NSP being further subdivided into northern and southern portions as a result of the distinctly enriched composition of magmas in the northern NSP. This boundary is set between the seamounts of Nikko and Ko-Hiyoshi. Because Iwo Jima shares the distinctive enrichments of the northern NSP, it is included here as part of the northern NSP in spite of the fact that geographically it belongs to the Volcano arc. As the following discussion shows, there is little difference in the composition of magmas from the CIP and VA, and these overlap with the composition of magmas from the southern NSP. more depleted mantle that has been reenriched by alkalirich hydrous fluids. The fact that the shoshonites are restricted to that portion of the arc that is reforming following back arc rifting while the more depleted lavas are found in the older portions of the arc indicates that the development of shoshonites is restricted in this setting to the earliest stages of arc evolution. The LIL-and LREEenriched mantle beneath the arc will inevitably evolve into a depleted source as arc melts continue to be extracted.
